Introduction
============

Psoriasis is a common, chronic inflammatory skin disease most often appearing in the form of well-demarcated, scaly plaques. These lesions highlight the fundamental processes underlying its pathogenesis, namely, inflammation and epidermal hyper-proliferation. The incidence is high, and the disease is prone to relapse. Its pathogenesis is complex and uncertain, which is thought to be associated with many factors, such as heredity, abnormal proliferation, and differentiation of keratinocytes and immune regulation disorders. The efficacy of traditional psoriasis treatment is not satisfactory. It mainly includes topical medicine, phototherapy, and systematic treatment, such as methotrexate and acitretin. Although the development and application of biological agents based on their cellular immunity mechanism have made rapid progress recently, there is still a lack of more long-term safety data. Acitretin is a mature system drug for the treatment of moderate and severe psoriasis. The treatment mechanism mainly involves the immune response, angiogenesis, inflammatory process, and cell hyperplasia of psoriasis, and it is not toxic and immunosuppressive. However, the efficacy of acitretin as a single drug in the treatment of chronic moderate to severe plaque psoriasis is not always good. In the range of therapeutic doses, the larger the dose, the better the efficacy is and the higher the risk of adverse reactions is. It is often used in combination with other methods to achieve better results. When acitretin is combined with other therapies, the dosage can be reduced as appropriate. It can be combined with topical preparations and phototherapy or other immunosuppressive agents. Therefore, it is necessary to investigate better combination treatments.^\[[@R1],[@R2]\]^

Sophora is a traditional Chinese medicine, the root of the sophora plant, which is used to treat chronic hepatitis B, tumors, inflammation, abscess, diarrhea, and eczema and other itching skin diseases. Matrine and oxymatrine are the main active ingredients. They showed a great deal of pharmacological activities, including anti-inflammatory, anti-allergic, anti-virus, anti-fibrosis, and cardiovascular protective effects.^\[[@R3],[@R4]\]^ Matrine has extensive anti-cancer activities by blocking the cell cycle, accelerating apoptosis, inhibiting angiogenesis to suppress cancer cell proliferation, differentiation, metastasis and invasion, and reverse resistance. Meanwhile, it could prevent or reduce the toxicity of the other types of chemotherapy and radiotherapy when they are combined with chemotherapy drugs.^\[[@R5]\]^ Matrine has been extensively studied for the treatment of viral hepatitis, cancer, cardiac diseases, and some kinds of skin diseases (such as atopic dermatitis and eczema). An increasing number of experiments have proven the importance of matrine in chronic hepatitis,^\[[@R6]\]^ cancers,^\[[@R7]--[@R9]\]^ and infectious diseases.^\[[@R10]\]^

Some studies have shown that it can inhibit cell proliferation and invasion and promote the secretion of anti-inflammatory factors in melanoma and other chronic inflammatory skin diseases in cell lines and animal models.^\[[@R11]--[@R13]\]^ At the same time, research of gastric cancer, bladder cancer, and chronic hepatitis showed that combined use of matrine and other drugs have synergy to enhance curative effect, increase drug sensitivity, and reduce side effects.^\[[@R14]--[@R16]\]^ It has been suggested that the combination of matrine and acitretin was superior to single-drug therapy in the treatment of psoriasis.^\[[@R17]\]^ This is consistent with our clinical experience. However, little is known about its mechanism of action. Therefore, it is necessary to explore the concrete mechanism of matrine and feasible combination therapies of matrine in psoriasis.

Methods
=======

Cell culture
------------

HaCaT cells, spontaneously immortalized, non-tumorigenic human skin keratinocyte cell lines purchased by Central Laboratory of Peking University Third Hospital, were cultured in Dulbecco\'s modified Eagle\'s medium (DMEM; Gibco, Eggenstein, Germany) supplemented with 10% (v/v) heat-inactivated fetal bovine serum (Gibco), 1% penicillin and streptomycin at 37°C in a 5% CO~2~ humidified atmosphere.^\[[@R14]\]^

Reagents
--------

Matrine was purchased from the Chengdu Must Bio-Technology Co., Ltd. (Chengdu, China), and its purity was \>99% as assessed by high-performance liquid chromatography. The matrine stock solution was prepared in ddH~2~O at 50 mg/mL. Log-phase growing cells were exposed to matrine at concentrations of 0 (negative control), 0.2, 0.4, 0.8, and 1.6 mg/mL.^\[[@R18]\]^ Acitretin (JD20443; Shanghai Jingdu Biotechnology Co., Ltd., Shanghai, China) was dissolved in dimethyl sulfoxide (DMSO; Sigma-Aldrich, St Louis, USA) and stored at --20°C until use. It was then diluted to a working concentration of 10 μmol/L. Subsequent dilutions were made in normal culture medium with a final DMSO concentration of 0.05%. The control was supplied with DMSO in a final concentration of 0.05%.^\[[@R19]\]^

Cell proliferation assays
-------------------------

Cell proliferation was detected using 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) reagent (Promega, Madison, WI, USA) in accordance with the manufacturer\'s instructions. Briefly, HaCaT cells were seeded into 96-well microtiter plates (Costar 3596, Corning Inc., Corning, NY, USA) at a density of 2 × 10^3^/well and incubated in complete medium. After 24 h, the HaCaT cells were treated with various concentrations of matrine, acitretin, or matrine plus acitretin, with DMEM as the negative control. When incubated for the indicated times, cells were treated with 20 μL of MTS for an additional 4 h. The absorbance value was measured at 490 nm *via* a 96-well plate spectrometer (Thermo Fisher Scientific, New York, USA). The cell viability = (*A*~experimentalgroup~ --*A*~blankgroup~)/(*A*~controlgroup~ -- *A*~blankgroup)~ × 100%. Each experiment was executed in triplicate wells, and three biologic replicates were performed.^\[[@R20]\]^

Detection of cell cycle and apoptosis by flow cytometry
-------------------------------------------------------

Cell cycle analysis was performed with 7-aminoactinomycin D (7-AAD) by flow cytometry. In short, 2 × 10^6^ transduced and control cells were collected, rinsed, and fixed with cold 70% ethanol. The cells were re-suspended in 300 mL of phosphate-buffered saline (PBS) and stained with 5 mL 7-AAD overnight in --20°C. Cell cycle phases were detected by flow cytometry (BD, Franklin Lakes, NJ, USA). The fluorescence intensity of 7-AAD directly reflected the content of DNA in cells to divide each phase of the cell cycle into G0/G1 phase, S phase, and G2/M phase. Cell apoptosis was assessed by annexin-V-fluorescein isothiocyanate (FITC)/7-AAD staining (BD), according to the manufacturer\'s instructions. The data were obtained by ModFit and FlowJo software (Verity Software House, ME, USA).^\[[@R21]\]^

Transmission electron microscopy
--------------------------------

To morphologically demonstrate the induction of autophagy in HaCaT cells treated with matrine, acitretin, matrine plus acitretin for 24 h, we performed an ultra-structural analysis. We made a cell suspension and abandoned supernatant by centrifuge after confirming abundant cells. Then, cells were centrifuged into clumps after cleaning twice by PBS. Groups of cells were added to glutaraldehyde overnight at 4°C. Autophagic vacuoles at various time were detected by transmission electron microscopy (TEM, JEM-1230, JEOL, Japan).

Western blotting analysis
-------------------------

After treatment with matrine, acitretin, or matrine plus acitretin for different durations, the HaCaT cells were harvested and washed with PBS. The total proteins were extracted using radioimmunoprecipitation assay lysis buffer (including a protease inhibitor cocktail; Applygen Technologies, Beijing, China). They were subjected to Western blotting after the concentration of proteins was measured using a bicinchoninic acid assay kit (Thermo Scientific). Equal amounts of proteins were separated using 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane (Applugen Technologies, Beijing, China). The membrane was blocked with 5% non-fat milk for 1 h at room temperature, and then incubated with primary antibodies at 4°C overnight. The membrane was incubated with IRDye 800CW-conjugated antibodies for 1 h and target protein was scanned on a LI-COR Odyssey^®^ Imaging System (Lincoln, NE, USA). The density of the products was quantified using ImageJ software (NIH, Bethesda, MD, USA) by two examiners who were blind to the identity of the samples being studied. The primary antibodies used in this study included 1:1000 monoclonal rabbit anti-LC3B (3868S, CST, Beverly, MA, USA), 1:1000 monoclonal rabbit anti-Beclin (3495S, CST), 1:1000 monoclonal mouse anti-p62 (ab56416, Abcam, Cambridge, MA, USA), 1:1,000 monoclonal rabbit anti-p21 (ab109199, Abcam), 1:1000 monoclonal rabbit anti-cyclin D1 (2922S, CST), 1:1000 monoclonal rabbit anti-phosphoinositide 3-kinase (PI3K)-α (A5047, Selleck, Shanghai, China), 1:1000 monoclonal rabbit anti-PI3K (A5048, Selleck), 1:1000 monoclonal rabbit anti-protein kinase B (Akt, 4685S, CST), 1:1000 monoclonal rabbit anti-p-Akt (4060S, CST), 1:1000 monoclonal rabbit anti-mammalian target of rapamycin (mTOR, 2983S, CST), 1:1000 monoclonal rabbit anti-p-mTOR (5536S, CST), 1:1000 polyclonal rabbit anti-p70S6K (9202S, CST), 1:1000 monoclonal rabbit anti-p-p70S6K (A5033, Selleck), and 1:5000 monoclonal mouse anti-glyceraldehyde 3-phosphate dehydrogenase as an internal control (PPLYGEN, Beijing, China).

Mouse model and administration
------------------------------

The protocol and procedures employed were ethically reviewed and approved by the Peking University Biomedical Ethics Committee-Experimental Animal Ethics Branch. Female mice (BALB/c) at 8 to 11 weeks of age were purchased from Beijing Vital River Laboratory Animal Technology (Beijing, China). All the mice were shaved on the back with a shaving machine. The skin area of the back was approximately 2 cm by 3 cm. Experimental animals received a daily topical dose of 62.5 mg of commercially available imiquimod cream (5%) (Mingxinlidi, Sichuan, China) on the shaved back for 7 consecutive days. Control mice were treated similarly with same amount of vaseline cream. Then, experimental mice were treated with a different daily dose of normal saline, matrine, acitretin, or a combination of matrine and acitretin. Matrine was intra-peritoneally injected with 50 mg/kg, and acitretin was intra-gastrically administered at 4.5 mg/kg once a day for 7 consecutive days. The tissue of the skin lesions was collected for subsequent experiments. To score the severity of inflammation of the back skin, an objective scoring system was developed based on the clinical Psoriasis Area and Severity Index, except that for the mouse model the affected skin area is not taken into account in the overall score. Erythema, scaling, and thickening were scored independently on a scale from 0 to 4: 0, none; 1, slight; 2, moderate; 3, marked; 4, very marked. The cumulative score (erythema plus scaling plus thickening) served as a measure of the severity of inflammation (scale 0--12). In addition, hematoxylin-eosin (HE) staining was performed to observe the changes of skin histology in the imiquimod-induced psoriasis-like mice. It includes epidermal thickening, epidermal protrusion extension, stratum corneum differentiation, and inflammatory cell infiltration.^\[[@R16]\]^ Scoring was done by other researchers who did not know the group of animals.

Immunohistochemistry
--------------------

Paraffin-embedded sections (5-μm) were obtained. The tissues were incubated in a 1:200 dilution of rabbit monoclonal antibody against LC3B (ab48394; Abcam) overnight at 4°C. Following the primary stain, the tissues were stained with goat anti-rabbit (PV-6001; Zhongshan Golden Bridge, Beijing, China) detection kits. To evaluate the immunoreactive score, micrographs were captured (Nikon E600; Nikon, Tokyo, Japan). We multiplied the staining intensity by the percentage of positive cells to produce the immunoreactive score. Scores were obtained by three blinded dermatologists.^\[[@R22]\]^

Statistical analysis
--------------------

Statistical analyses were conducted using the SPSS20.0 software (SPSS Inc., IL, USA). Student\'s *t* test was used to analyze the data that conforms to the normal distribution in the statistical analysis of pairwise comparison (such as the difference of autophagosome number between the control group and matrine treated cells by TEM, and the comparison of cumulative scores between the control group and the mice treated with imiquimod). Repeated measurements of cell proliferation were done at different time points using repeated analysis of variance (ANOVA). One-way ANOVA was used for the analysis and comparison of multiple observation points within the group. Least significant difference test was used for pairwise comparison between the groups. Data were expressed as mean ± standard deviation. A *P* value less than 0.05 indicated statistically significant difference.

Results
=======

Effects of matrine on cell proliferation in HaCaT cells *in vitro*
------------------------------------------------------------------

HaCaT cells were seeded on a 96-well plate with a density of about 2 × 10^3^ cells/well and cultured in a complete medium for 24 h before adherent to the wall. Cells were incubated with various concentrations of matrine for 24, 48, and 72 h. DMEM was used as the negative control. Then, cell viability was determined by MTS assays. The results showed that matrine inhibited the viability of HaCaT cells in a dose- and time-dependent manner after the cells were treated with matrine at 0.2 to 1.6 mg/mL for 24, 48, and 72 h (*F*~dose~ = 15.392, *P* \< 0.01; *F*~time~ = 95.656, *P* \< 0.01) \[Figure [1](#F1){ref-type="fig"}\]. After the treatment of matrine on HaCaT cells for 24 h, the proliferation percentages of the 0.2, 0.4, 0.8, 1.6 mg/mL matrine groups were 94.36% ± 11.60%, 89.00% ± 8.98%, 77.80% ± 14.72%, and 64.42% ± 13.19%, respectively. After 48 h, the proliferation percentages of the four concentration groups were reduced to 86.78% ± 7.60%, 75.40% ± 1.56%, 63.94% ± 4.43%, and 50.21% ± 3.61%, respectively. They were reduced to 81.05% ± 2.12%, 54.15% ± 5.47%, 36.45% ± 7.38%, 30.36% ± 8.36% after 72 h.

![Matrine inhibited the viability of HaCaT cells in a dose- and time-dependent manner after the cells were treated with matrine at 0.2 to 1.6 mg/mL for 24, 48, and 72 h.](cm9-132-2079-g001){#F1}

Effects of matrine on cell cycle, apoptosis, and protein expression in HaCaT cells *in vitro*
---------------------------------------------------------------------------------------------

Matrine inhibited the G0/G1 stage of HaCaT cells in a dose-dependent manner after the cells were treated with matrine at 0 to 1.6 mg/mL for 24 h (*F* = 42.514, *P* \< 0.01) \[Figure [2](#F2){ref-type="fig"}A\]. At 24 h, the inhibition rate of 0, 0.2, 0.4, 0.8, 1.6 mg/mL matrine in HaCaT cells during G0/G1 phase were 38.80% ± 4.00%, 47.40% ± 6.91%, 60.08% ± 1.08%, 79.21% ± 4.90%, and 82.31% ± 6.33%, respectively.

![Effects of matrine alone in HaCaT cell lines *in vitro*. (A) An increase in the G0/G1 stage and a decrease in the S or G2/M stage was seen in HaCaT cells that were incubated with various concentrations of matrine for 24 h by 7-AAD analysis. (B) Matrine did not promote apoptosis in the range of 0 to 0.8 mg/mL after 24, 48, or 72 h. However, it did promote apoptosis in 1.6 mg/mL. (C, D) Expression of LC3, Beclin1 and p21 was increased and the cyclin D1 was decreased in a dose-dependent way. Cells were pre-incubated at different concentrations for 48 h before detection. (E) More autophagosomes could be seen in HaCaT cells treated with matrine at 0.4 mg/mL by TEM (bar = 1 μm). (F, G) Cells were starved for 12 h and treated as the autophagy positive control. Autophagy induced by starvation and matrine were attenuated by 3-MA reflected by Western blotting when pretreated with 3-MA in HaCaT cells. Each bar represents the mean ± standard deviation from three independent experiments. ^∗^*P* \< 0.01, ^†^*P* \< 0.05, *vs.* blank control. ^‡^*P* \< 0.01 *vs*. positive control. ^§^*P* \< 0.01 *vs*. matrine 0.4 mg/mL group. 3-MA: 3-Methyladenine; 7-AAD: 7-Aminoactinomycin D; TEM: Transmission electron microscope.](cm9-132-2079-g002){#F2}

Matrine did not promote apoptosis in the range of 0 to 0.8 mg/mL after 24, 48, or 72 h. However, it did promote apoptosis in 1.6 mg/mL. So the matrine in the range of 0 to 0.8 mg/mL could be able to inhibit cell proliferation instead of cytotoxicity (*P* \> 0.05) \[Figure [2](#F2){ref-type="fig"}B\].

In addition, the expression of LC3II/I, Beclin1 and p21 was increased and the expression of cyclin D1 was decreased in a dose-dependent way (LC3II/I, *F* = 17.087, *P* \< 0.01; Beclin1, *F* = 8.684, *P* \< 0.01; p21, *F* = 5.817, *P* \< 0.05; cyclin D1, *F* = 3.546, *P* \< 0.05) \[Figure [2](#F2){ref-type="fig"}C and 2D\]. Furthermore, compared with blank control, more autophagosomes could be seen in HaCaT cells treated with matrine at 0.4 mg/mL by TEM (2.667 ± 1.202 *vs.* 21.33 ± 1.453, *t* = 9.899, *P* \< 0.01) \[Figure [2](#F2){ref-type="fig"}E\]. 3-Methyladenine (3-MA) is an effective autophagy and PI3K inhibitor, which can block autophagy by inhibiting the activity of the PI3K pathway. When HaCaT cells were pre-treated with 3-MA, autophagy was induced by starvation and matrine was attenuated by 3-MA, as reflected by Western blotting (*P* \< 0.01) \[Figure [2](#F2){ref-type="fig"}F and 2G\]. According to the above results, 0.4 mg/mL of matrine was used as the working concentration in subsequent experiments.

Effects of matrine, acitretin, matrine plus acitretin on HaCaT cells *in vitro*
-------------------------------------------------------------------------------

At 24 h, the percentages of proliferation of HaCaT cells in matrine and acitretin group were 86.89% ± 3.96% and 82.83% ± 2.61%, respectively, and the percentage of proliferation in the matrine plus acitretin group was 72.19% ± 5.11%. At 48 h, the percentage of cell proliferation in the matrine plus acitretin group was 58.67% ± 2.16%, which was significantly better than that in the acitretin group (79.95% ± 1.77%) or matrine group (74.40% ± 2.37%). Pairwise comparison of the data of each group showed that the cell proliferation inhibition was statistically significant with extending the action time of the drug (*F* = 18.424, *P* \< 0.01) \[Figure [3](#F3){ref-type="fig"}A\]. The combined treatment group had a more significant effect on the inhibition of cell proliferation than the single treatment group (*F* = 90.969, *P* \< 0.01) \[Figure [3](#F3){ref-type="fig"}A\]. Similarly, the percentage of G0/G1 stage arrest in matrine plus acitretin group (74.96% ± 4.20%) was larger than that in matrine (64.77% ± 5.48%) or acitretin (43.66% ± 3.84%) group (*P* \< 0.01) \[Figure [3](#F3){ref-type="fig"}B\].

![Effects of matrine, acitretin, matrine plus acitretin on HaCaT cell lines *in vitro*. (A) The effect of matrine plus acitretin was better than matrine or acitretin alone in the viability inhibition in HaCaT cells. (B) The percentage of G0/G1 stage arrest in HaCaT cells treated with matrine plus acitretin was larger than that in HaCaT cells treated with matrine or acitretin alone. (C, D) The effect of matrine plus acitretin was better than matrine or acitretin alone in the expression of LC3, p62, p21, and cyclin D1 by Western blotting. (E, F) Autophagosomes were induced more significantly in matrine plus acitretin group than other groups. (G, H) The effect of matrine plus acitretin was better than matrine or acitretin alone in the downregulation of PI3K-α, p-Akt, p-mTOR, and downstream substance p-p70S6K. Each bar represents the mean ± standard deviation from three independent experiments. ^∗^*P* \< 0.01 *vs*. control group. ^†^*P* \< 0.01, ^‡^*P* \< 0.05, *vs*. matrine 0.4 mg/mL group or acitretin 10 μmol/L group. Aci: Acitretin; Con: Control; Mat: Matrine; Mat + Aci: Matrine plus acitretin.](cm9-132-2079-g003){#F3}

In addition, compared with matrine or acitretin group, the expression of p21 (*P* \< 0.05, *P* \< 0.05) and LC3II/I (*P* \< 0.01, *P* \< 0.05) in matrine plus acitretin group increased significantly and the expression of cyclin D1 (*P* \< 0.01, *P* \< 0.05) and p62 (*P* \< 0.05, *P* \< 0.05) was reduced significantly \[Figure [3](#F3){ref-type="fig"}C and 3D\]. Moreover, compared with matrine or acitretin group, more autophagosomes were observed in combined treatment group (21.33 ± 1.856 *vs.* 40.33 ± 1.453, *P* \< 0.01; 18.00 ± 1.155 *vs.* 40.33 ± 1.453, *P* \< 0.01) \[Figure [3](#F3){ref-type="fig"}E and 3F\].

As to potential signaling pathways, matrine plus acitretin significantly down-regulated the expression of PI3K-α (*P* \< 0.01, *P* \< 0.05), p-Akt (*P* \< 0.05, *P* \< 0.05), p-mTOR (*P* \< 0.05, *P* \< 0.05), and downstream substance p-p70S6K (*P* \< 0.05, *P* \< 0.05) than matrine or acitretin \[Figure [3](#F3){ref-type="fig"}G and 3H\].

Effect of matrine, acitretin, matrine plus acitretin on imiquimod-induced psoriasis-like mice
---------------------------------------------------------------------------------------------

Compared with the control mice, the model group mice treated with imiquimod on day 7 showed typical psoriasis-like changes in both manifestations and HE staining (cumulative score: 0.200 ± 0.058 *vs.* 7.667 ± 0.333, *t* = 22.07, *P* \< 0.01) \[Figure [4](#F4){ref-type="fig"}A and 4B\]. The skin lesions and HE staining of the four different treatment groups are shown in Figure [4](#F4){ref-type="fig"}C. The score of the combined treatment group was significantly lower than that of the matrine or acitretin group (1.480 ± 0.230 *vs*. 2.370 ± 0.241, *P* \< 0.01; 1.480 ± 0.230 *vs*. 2.888 ± 0.341, *P* \< 0.01) \[Figure [4](#F4){ref-type="fig"}D\]. The immunohistochemical results were scored by three dermatologists, according to the method in Supplementary Table 1. The expression of LC3 in the combined treatment group was significantly higher than that of the matrine or acitretin group (4.333 ± 1.366 *vs*. 6.833 ± 1.602, *P* \< 0.05; 4.833 ± 1.329 *vs*. 6.833 ± 1.602, *P* \< 0.01) \[Figure [4](#F4){ref-type="fig"}E and 4F\].

![Effect of matrine, acitretin, matrine plus acitretin on imiquimod-induced psoriasis-like mice. (A) The manifestations and pathological findings of skin lesions in imiquimod-induced psoriasis-like mice (hematoxylin-eosin staining, original magnification ×100). (B) The cumulative score (erythema plus scaling plus thickening) on the 7th day indicated the severity of inflammation. (C) The manifestations and pathological findings of skin lesions in the mice after treatment with NS, matrine, acitretin, matrine plus acitretin (hematoxylin-eosin staining, original magnification ×100). (D) The cumulative scores of the above four groups. (E, F) The expression of LC3 in the combined drug group was significantly higher than that of the single-drug group (immunohistochemical staining, original magnification ×200). Each bar represents the mean ± standard deviation from three independent experiments. ^∗^*P* \< 0.01, ^†^*P* \< 0.05 *vs*. Control, matrine 0.4 mg/mL group or acitretin 10 μmol/L group. ^‡^*P* \< 0.01, ^§^*P* \< 0.05 *vs*. NS control group. Aci: Acitretin; Con: Control; Mat: Matrine; Mat + Aci: Matrine plus acitretin; NS: Normal saline.](cm9-132-2079-g004){#F4}

Discussion
==========

Matrine is often used in the treatment of psoriasis in China. Yang *et al*^\[[@R22]\]^ achieved satisfactory results using hyperbaric oxygen combined with compound matrine to treat 11 cases of psoriasis vulgaris. Compound matrine injection is effective and safe in the treatment of erythrodermic psoriasis.^\[[@R23]\]^

To explore the effect and related mechanisms of matrine, we first studied the effect of matrine on cell proliferation and the cell cycle on HaCaT cells. Our findings suggest that matrine could suppress the cell proliferation in a time- and dose-dependent manner. Moreover, proportions of G0/G1 phase HaCaT cells were significantly increased after treatment with matrine in a time- and dose-dependent manner. In addition, more autophagosomes could be seen in matrine-treated HaCaT cells by TEM. Our data demonstrated that autophagy induction and cell cycle G0/G1 arrest may be related to the effect of matrine on psoriasis. This theory is validated by the dose-dependent expression of autophagy-related protein LC3II/I and cell cycle arrest-related protein p21 and cyclin D1 after treatment with matrine. Previous reliable evidence has been provided that the pathogenesis of psoriasis is related to autophagy injury.^\[[@R22]--[@R29]\]^ Autophagy is a phenomenon involving intra-cellular lysosomal phagocytosis, degradation of damaged or superfluous organelles and mutant proteins. The main role of autophagy is to realize the self-protection of cells under emergency conditions, such as starvation, so that cells can continue to survive. Abnormal levels of autophagy of psoriasis keratinocytes may be involved in the psoriasis pathological mechanism.^\[[@R27]\]^ Cell cycle arrest also plays an important role in pathogenesis of psoriasis.^\[[@R30]\]^ Meanwhile, other studies have also confirmed that matrine can induce autophagy of liver cancer,^\[[@R31]--[@R33]\]^ breast cancer,^\[[@R34]\]^ glioma,^\[[@R35]\]^ and leukemia.^\[[@R36]\]^ These conclusions are supportive of the establishment of our theory.

Interestingly, Jing *et al*^\[[@R17]\]^ observed the clinical effect of matrine glucose injection combined with acitretin capsule in the treatment of psoriasis vulgaris. They found that treatment of matrine glucose injection combined with acitretin capsule has a definite curative effect on psoriasis, which can significantly improve the curative effect and reduce the incidence or the degree of adverse reactions compared with acitretin capsule alone. This is consistent with our clinical experience. However, the mechanisms involved have not been studied yet.

Acitretin, an active metabolite of etretinate, is the most widely used systemic retinoid in the treatment of psoriasis. The specific mechanism of action of acitretin also remains unknown. Acitretin has multiple effects on epidermal cell growth and differentiation possibly responsible for its therapeutic action in psoriasis. The overall effect of acitretin on psoriatic epidermis results in reduction of the proliferation rate in the acanthotic epidermis by down-regulating the number of cycling cells, promoting terminal differentiation of keratinocytes, regulating desquamation of corneocytes, and decreasing the thickness of stratum corneum and inflammation in epidermis and dermis. In addition, the immunomodulatory and antiangiogenic action of retinoids may contribute to their efficacy.^\[[@R37]\]^ Acitretin has the best curative effect on pustular psoriasis and the second is erythrodermic psoriasis. However, the treatment of psoriasis vulgaris with acitretin is not always good. Furthermore, mass use for a long period of time increases the risk of adverse effects. It has been reported that acitretin modulates HaCaT cell proliferation through signal transducer and activator of transcription 1- and signal transducer and activator of transcription 3-dependent signaling,^\[[@R38]\]^ but there is no relevant literature exploring whether acitretin plays a role in autophagy and cell cycle arrest in HaCaT cells. To explore whether matrine and acitretin have synergistic effects in the treatment of psoriasis and related mechanisms, we studied the effect of matrine plus acitretin on HaCaT cell lines and imiquimod-induced psoriasis-like models for further study.

In contrast to matrine or acitretin alone, the growth inhibition by matrine plus acitretin was more significant. Our findings suggest that the combination of matrine and acitretin was more effective than matrine or acitretin in autophagy induction and cell cycle G0/G1 arrest in psoriasis-like cell line HaCaT cells. Moreover, the expression of LC3II/I was reversed when treated with the autophagy inhibitor 3-MA. These data indicated that matrine and acitretin have synergistic effects by inducing autophagy and inhibiting the G0/G1 stage of the cell cycle in the treatment of psoriasis. These results suggested that the combined effect may be the mechanism by which matrine can improve the efficacy and reduce its side effects of acitretin. Autophagy, as a novel and promising drug target involved in a wide range of human diseases, can be modulated by many traditional Chinese medicine-derived agents, indicating that autophagy modulation may be an important mechanism underlying the therapeutic effect of traditional Chinese medicine in treating diseases.^\[[@R39]\]^

The process of autophagy and cell cycle arrest is well-regulated, and the phosphoinositide 3-kinase (PI3K)/protein kinase B (Akt)/mammalian target of rapamycin (mTOR) pathway plays a key role in this process.^\[[@R40]--[@R42]\]^ To further dissect the underlying molecular mechanism of matrine or acitretin induced autophagy and cell cycle arrest, we detected the activity of the phosphorylated PI3K/Akt/mTOR pathway in HaCaT cells upon matrine, acitretin, or matrine plus acitretin treatment. The results showed that with treatment of matrine, acitretin, or matrine plus acitretin, the PI3K/Akt/mTOR pathway was down-regulated in HaCaT cells. Furthermore, the effect of matrine plus acitretin was more significant than matrine or acitretin alone. These results suggested that matrine plus acitretin exhibited synergetic effects of autophagy induction and cell cycle G0/G1 stage arrest by negatively regulating the phosphorylation of PI3K/Akt/mTOR signaling pathway activities.

Blockage of the PI3K/Akt/mTOR signaling pathway plays a critical role in regulating autophagy. The inactivation of the phosphorylation of Akt, mTOR, and their downstream substance, p70S6K, were found in matrine-treated HaCaT cells. Thus, the autophagic promotion and cell cycle arrest induction of matrine might be a promising therapeutic strategy for psoriasis. Matrine-related autophagy and cell cycle arrest induction may reduce the drug resistance of acitretin in psoriasis. Traditional Chinese medicine has not been widely used in the world due to its main characteristics of empirical treatment and lack of evidence. Our study provides evidence for better and more scientific application of matrine in the treatment of psoriasis. The combination of matrine with acitretin should double the efficacy and halves the side effects to patients in clinical practice. We explored the combined application and related possible mechanism of matrine and acitretin in the treatment of psoriasis. We will continue to conduct further research to make matrine and its combined therapy with acitretin in the treatment of psoriasis more evidence-based and reliable.
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